In order to investigate the ultimate shear behavior of the PHC piles and prevent the piles from the brittle failure, we carried out the anti-symmetric bending shear experiments by proposing the idea of filling the concrete into the hollow part of the pile and increasing the amount of spiral reinforcement. As the result, it shows that in case of increasing the amount of spiral reinforcement, the average shear stress increased at the ultimate strength in shear. And, in case of filling the concrete into the hollow part of the pile, the ultimate strength increased but the brittle fracture happened. In case of using both methods, it makes clear that the deformation behavior becomes better and the same time the ultimate strength increased.
INTRODUCTION
Current pile foundation design of the pretentioned spun high strength concrete pile (hereafter referred as PHC pile) prescribed by JIS, only assign the elastic design basing on the allowable stress design method, the ultimate failure behavior has not been examined. After the Great Earthquake in Hanshin and Awaji areas in 1995, the interested in the pile structure design for seismic buildings has been risen up sharply. Moreover, the increasing size of building structures has resulted in the increased usage of large diameter piles. In large diameter piles, the length from the pile head to the inflection point (the so-called shear span) becomes shorter relative to the large pile diameter. A smaller shear span means that the shear failure tends to occur. So we have carried out shear failure experiments to understand the shear failure behavior of large diameter PHC piles. For the PHC piles, it was pointed that the small deformations and the brittle failures occur when the horizontal force works based on the current design, especially the large diameter PHC piles shows such behavior [Kishida,1998 ]. It shows that to fill the concrete into the hollow part of the pile can improve the deformation capacity of the PHC piles. It can also shear the compression force caused by axial force and bending moment, reduce the movement of the neutral axis, and prevent the piles from the brittle bending compression failure [Kokusho,1987] .
This report is a series study of grasping the seismic capacity of the PHC pile. In the previous report [Kishida,1998 ], we performed the anti-symmetric bending shear experiment, evaluated the influence of each parameter on the shear ultimate strength of the large diameter PHC pile based on the present JIS standard, and proof the conformability of the various calculation formula of the shear strength. In this research, we carried out the anti-symmetric bending shear experiments by proposing the idea of filling the concrete into the hollow part of the pile and increasing the amount of spiral reinforcement.
EXPERIMENTAL PROCEDURE Specimens
It shows the list of test specimens on Table 1 , and also shows the shapes and the sizes of them on Fig.1 . Series are JP3 300φ and JP12 1200φ test specimens reported in the previous study [Kishida,1998 ], the amount of spiral reinforcement are increasing by 5 ,10 and 15 times. Axial force is long time loading and ultimate loading. Series have the same amount spiral reinforcement as the specimens reported in the previous reported, plus the series I specimens with the concrete filled into the hollow part of the pile.
The spiral reinforcement used on JP3 is 3.2φ@50mm, and 2.9φ@45mm for JP12 had. The amount of spiral reinforcement (pw wσy) is calculated by the tensile stress (wσy) multiply the spiral reinforcement ration (pw) in this case. Concrete was filled into the hollow part of piles along over the pile full length. Shear span ration was 1.5 that is the same as previous report. The description of the mark of the specimens, refer to Appendix 1. The test specimens are 42 as total. Table 2-1 and table 2-2 shows the mechanical properties of the material. Figure 2 shows the loading setup. This loading was performed under an anti-symmetric deformation method. After loading the fixed axial force by using 1962 kN oil jack, the axial force maintains and add the one direction monotonous load to the loading beam which was fitted in the upper stub. 
Loading Method

EXPERIMENTAL RESULTS
In Case of Increasing only the Amount of Spiral Reinforcement
Load -Displacement Relationship Table 3 shows the experimental results and failure modes. Figure 3 shows the load -displacement relationship of the specimens with the classified on Type C amount of the effective prestress. By increasing the mount of spiral reinforcement, the maximum strength rises by about 1.5 -1.7 times. In the case of the low axial force (Fig.3-(a) ), by putting a amount of spiral reinforce ment more than 5 times, the displacement at the maximum strength becomes larger than the test specimen of the present amount of spiral reinforcement. Also, it shows the transformation efficiency that the strength decline after the maximum strength was very stable gently. In the case of high axial force ( Fig.3-(b) ), the displacement to the maximum strength becomes smaller oppositely and the transformation efficiency didn't become good till putting the 15 times amount of spiral reinforcement. In the case of series JP12 that the thickness is thin, the displacement to the maximum strength becomes smaller, in case of the high axial force (Fig.3-(d) ), the test specimens which has the amount of spiral reinforcement more than 5 times, the compression failure occur when it reaches to the maximum strength. Then, the transformation efficiency didn't become good even if it had the amount of spiral reinforcement by 15 times.
Failure Character
Photo 1 shows the example of the final failure character. In the case of low axial force of JP3 series, since the amount of spiral reinforcement increased by 5 times, the failure mode changed into bending failure from shear failure. In the case of the high axial force, since the amount of spiral reinforcement increased by 15 times, the failure mode changed into bending failure from compression failure. Figure 4 shows load-displacement relationship of the specimens which has concrete fills into the hollow part of pile according to the current JIS code. In the case of low axial force of series JP3 (Fig.4-(a) ), though the displacement at the maximum strength became larger than the present JIS pile, the shear failure occur when it reaches the maximum strength. In the case of the high axial force (Fig.4-(b) ), the maximum strength rose about 1.3 times but the displacement at the maximum strength became smaller. In the case of the low axial force of series JP12 (Fig.3-(c) ), the maximum strength changes hardly in the case of the present JIS pile. In the case of the high axial force (Fig.3-(d) ), the maximum strength rose about 1.2 times. The displacement became larger than the present JIS pile case, the declining of the strength became gentle.
In case of the Filled Concrete in the Hollow Part of Piles
Load -Displacement Relationship
Failure Character
Photo 2 shows the example of the final failure character. The failure mode does not become ductility failure mode even if the hollow part of the pile is filled with concrete, the failure mode became shear failure or bending and shear failure mode. Figure 5 shows the load-displacement relationship of the specimens with the classified on Type C effective prestress. As the amount of spiral reinforcement increasing, in the case of the low axial force specimen (Fig.5-(a),(c) ), the maximum strength rose about 1.2 ~ 1.4 times compared to the specimen with the 1 time amount of spiral reinforcement. In the case of the high axial force (Fig.5-(b),(d) ), the maximum strength becomes about 1.9 times bigger. In the case of low axial force of series JP3 (Fig.5-(a) ), for the specimen with the 1 time and 5 times amount of spiral reinforcement, the displacement at the maximum strength becomes larger. And as the amount of the spiral reinforcement becomes 10 times, 15 times bigger, the displacement at the maximum strength becomes smaller. The specimen which has 15 times amount of spiral reinforcement, the declining of the strength after the maximum strength became gentle. In the case of the high axial force (Fig.5-(b) ), the amount of spiral reinforcement increases over 5 times, both the maximum strength and the displacement capacity become better. In the case of series JP12 specimens (Fig.5-(c),(d) ), the amount of spiral reinforcement increases over 5 times, the declining of the strength after the maximum strength becomes gentle and the displacement becomes larger.
Load -Displacement Relationship
Failure Character
In the case of series JP3 specimen, the failure mode of 3 test specimens which the amount of spiral reinforcement is 5 times and 10 times more, the bending and shear failure occur. For the other specimens, the bending failure. In the case of the thin thickness specimens, by filling the concrete into the hollow part of the pile and increasing the amount of spiral reinforcement more than 5 times, it can change into the ductile bending failure from the brittle shear failure.
COMPARISON BETWEEN THE MAXIMUM STRENGTH AND THE CALCULATION VALUE
It was reported that the ultimate shear strength formula of the pile is using the method of substituting the pile section into the diagonal section and the ultimate shear strength formula of the column at present [Gotoh,1985] . Incidentally, the effective of the reinforcement is decreasing compare to the rectangle case because the spiral reinforcement shape was circular, here, it reduced the value of pw wσy by 0.785 times in both calculation formulas [Watanabe,1987] . Figure 6 shows the comparison between the experiment value (Q3exp) and the calculation value (Q3cal) of the specimen after increasing the amount of spiral reinforcement. Q3exp/Q3cal fitted between 0.8 ~1.2. The experiment value shows good suitableness with the computation value. However, the ratio becomes rather down at the right side when the amount of spiral reinforcement (pw wσy) becomes larger.
THE INFLUENCE OF EACH PARAMETER ON THE ULTIMATE SHEAR STRENGTH
The average shear stress at the maximum strength is the ultimate shear strength divided by the section area. Figure 7 shows the results after comparing the same thickness (t/D) ratio specimens. As the composite axial stress (σe+σ0) becomes larger, average shear stress at the maximum strength (τmax) becomes larger, too. Here, the composite axial stress (σe+σ0) is the sum of the axial stress (σ0) and the effective prestress (σe). In the case of the pile without filling concrete inside (Fig.7-(a) ), the influence of the composite axial stress depends on the difference of the amount of spiral reinforcement. In the case of the JP3-Type C specimen, even if the composite axial force increases, the shear stress of the specimen with 5 times amount of spiral reinforcement doesn't increase. But when the amount of spiral reinforcement increases by 10 times, 15 times, τmax increases. In the case of JP12-Type C specimen, τmax increases when the amount of spiral reinforcement increases. In the case of filling the concrete into the hollow part of the pile (Fig.7-(b) ), the influence of the composite axial force on the shear stress is the same regardless of the difference of the amount of spiral reinforcement. Also, the inclination of the composite axial force is almost the same between the JP3-Type C and the JP12-Type C, though the thickness of the two specimens is different. The effective of the difference t/D isn't shown. Figure 8 shows the comparison of the different axial force but same thickness ratio (t/D) specimens. In the case of the low axial force of JP3 with think thickness, τmax increases when the amount of spiral reinforcement increases but in the case of the high axial force, τmax reaches to the peak with 10 times of amount of spiral reinforcement. In the case of JP3 with thin thickness, no relationship with the axial force, τmax increases when the amount of spiral reinforcement increases,τmax reaches the top when increasing more than 5 times amount of the spiral reinforcement. It is known that the influence of the spiral reinforcement depends on thickness ratio (t/D). In the case of filling the concrete into the hollow part of the pile, the shear strength increases by increasing the amount of spiral reinforcement. But the rising of the strength is smaller than the case of without concrete filling into the hollow part of the pile. Especially, in the case of the JPF12-type B, no relationship with the axial force, it shows an approximately constant value of the shear strength though the amount of the spiral reinforcement increases. It is because the failure mode is bending failure mode.
Influence of the Composite Axial Stress
Influence of the Amount of Spiral Reinforcement
CONCLUSION
The following conclusions are evaluated from the experiment results: 1. In the case of the piles with the thick thickness and the low axial force, it shows stable deformation behavior even if the amount of spiral reinforcement increase by 5 times than the current JIS pile. And in the case of the high axial force, the deformation behavior doesn't improve till the amount of spiral reinforcement increases by more than 15 times. Figure8: Relationship between Ultimate Strength in shear and Amount of Spiral Reinforcement 2. In the case of filling the concrete into the hollow part of the present JIS pile, the displacement to the maximum strength of the pile becomes bigger when the thickness of the pile is thin. The declining of the strength after the maximum strength becomes gentle, too. The failure character is shear failure mode as the case of the present JIS pile. 3. In the case of filling the concrete into the hollow part of the pile and increasing the amount of spiral reinforcement, the maximum strength rise about 1.2 ~ 1.4 times under the low axial force. And the maximum strength rise 1.9 times as lease under the high axial force, the declining of the strength after the maximum strength becomes gentle. 4. The average shear stress at the maximum strength can be evaluated in some level by applying the ultimate shear strength formula of the column, but the amount of spiral reinforcement must be considered. 5. The influence of the composite axial stress on the average shear stress at the maximum strength is different because of the difference of the amount of spiral reinforcement in the case of no filling the concrete into the hollow part of the pile. But in the case of filling the concrete into the hollow part of the pile, the influence was the same regardless of the difference of the amount of spiral reinforcement. 6. The average shear stress at the maximum strength in the case of no filling the concrete into the hollow part of the pile rises when the amount of spiral reinforcement increases. But in the case of the large diameter piles, the average shear stress becomes constant even if the amount of spiral reinforcement increases by more than 5 times. In the case of filling the concrete into the hollow part of pile, the average shear stress becomes almost constant regardless the amount of spiral reinforcement.
